Ruthenium loaded on activated carbon pre-treated by HNO 3 was used to catalyze the reaction of 1-(2-Aminoethyl)-2-imidazolidone (AEI) synthesized from ethylenediamine, ethanolamine and CO 2 . Response surface methodology (RSM) based on Box-Behnken design (BBD) was employed to optimize the synthesis of AEI. The statistical analysis results showed that the yield of AEI was significantly affected by the CO 2 pressure, reaction temperature and reaction time. According to the results of variance analysis, the value of the determination coefficient of 0.9854 was in reasonable agreement with the "Adj R-Squared" of 0.9666, which means this model can predict the yield of AEI well and can be used to optimize reaction conditions for higher AEI yield. The optimal values of AEI yield predicted by RSM was 84.9% under temperature 206.51˚C, CO 2 pressure 9.35 Mpa, reaction time 10.11 h, and the verification experiment yield of AEI was 83.1%.
Introduction
The development of efficient approach to the production of imidazolidone derivative is a valued research area since many imidazolidone derivatives are widely used in pharmaceutical, material and some other field [1] . 1-(2-Ami-noethyl)-2-imidazolidone, also been called AEI, is one of the most important 2-imidazolidone derivative which is widely used as intermediates in the synthesis of tetrazolium diamine somatotropin secretagogue [2] and oxadiazoles enzyme inhibitors [3] , it can be also used as functional additive in the material field [4] .
The first synthetic method of AEI was mentioned in a patent of American in 1952 [5] . Since then, few related synthetic methods were reported. Liu has designed the method using ethanolamine and imidazolidone as reactants to synthesis AEI with the existence of thionyl chloride and the side-product of this route contains HCl [6] . Ren use triethylene diamine and urea to synthesis AEI under high temperature [7] . This is the first time to synthesize AEI from ethylene diamine, ethanolamine and CO 2 catalyzed by Ru/AC. The reaction was carried out in a reactor as Equation 1, and actually it consists of two reactions (Equation 2, Equation 3). Ruthenium loaded on activated carbon (AC) was used as the catalyst. CO 2 , one of the reactants, exists in supercritical state which has excellent solubility and mass transfer ability, and that would be conducive to the synthesis of AEI [8] [9] [10] .
Response surface methodology (RSM) is an effective method of optimizing process conditions, it can collectively optimize all the affecting parameters to eliminate the limitations of a single factor optimization process, it's also an effective way to identify the important factor among a large number of variables. RSM, which includes factorial design and regression analysis, helps in evaluating the important factors, building models to study the interaction between the variables, and selecting the optimum conditions of variables or desirable responses. [11] [12].
Experimental

Materials
Anhydrous ethylenediamine and ethanolamine, analytically pure, were purchased 
Catalyst Preparation
It was reported that there are oxygen containing functional groups and nitrogen containing functional groups on the surface of AC [13] , and those groups (especially oxygen containing functional groups) has proven to be the depocenter of metal which loaded on AC. Treated by acidic or alkaline can change the quantities of groups on the surface of AC [14] [15] . The more oxygen containing functional groups contains on the surface of AC is, the easier solution of metal salts conducts with surface of AC. AC was pre-treated by 20% nitric acid (HNO 3 -TAC), 20% hydrochloric acid (HCl-TAC) and 2 mol/L sodium hydroxide (NaOH-TAC) before ruthenium loaded on it. Those pre-treated AC would be tested by Boehm titration method to confirm the amount of oxygen containing functional groupssince those functional groups would make it easier for Ru 3+ to contact with and to load on the surface of AC. The 1% Ru/TAC catalyst was prepared by incipient-wetness impregnation method. RuCl 3 ·3H 2 O was dissolved in a certain amount of water, TAC was added to the resulting solution with stirring. After 12 hours, NaOH was added into solution above, stirring for another 12 hours. The Ru 3+ /TAC was reduced under 5 MPa, 240˚C for 4 hours.
Synthesis of AEI
The schematic diagram of reaction system is given in Figure 1 . Synthesis of AEI was carried out in a 140 ml high pressure reactor. 1.5 g of 1% Ru/TAC, 1.5 g ethylenediamine and 1.5 g ethanolamine were loaded into the reactor, assemble the reaction equipment. Flush the reactor with CO 2 twice, heat the reactor to the required temperature and then fill the reactor with CO 2 to required pressure. When the reaction finish, the liquid product is separated from the catalyst by 
Results and Discussion
The TAC and Its Catalysis
Boehm titration [16] is a method of titration which can confirm the amount of oxygen containing functional groups since NaHCO 3 can only react with carboxyle on the surface of TAC, Na 2 CO 3 can react with carboxyle and lactonic group on the surface of TAC and NaOH can react with carboxyle, lactonic, phenolic hydroxyl group on the surface of TAC. The results of Boehm titration are in Table 1. As it shows in Table 1 , the amount of oxygen containing functional groups on the surface of HNO 3 -TAC was increased a lot, while HCl-TAC just had a slight increase comparing with AC. It can also be seen that the amount of oxygen containing functional groups on the surface of NaOH-TAC was decreased comparing with AC. Load 1% ruthenium on those TAC and use them to synthesis AEI, results were in Table 2 . From Table 2 , it can be seen that Ru/HNO 3 -TAC has a better catalytic activity than those of others under 6 MPa, 200˚C, 8 hours.
Single Factor Experiment
Effect of CO 2 Pressure
To evaluate the influence of the CO 2 pressure, AEI was synthesized at fixed temperature of 220˚C and reaction time of 10 hours with 1% Ru/HNO 3 -TAC as catalyst. The CO 2 pressure was varied from 6 MPa to 12 MPa. Results are shown in Figure 2 , as it can be seen from Figure 2 , the yield of AEI is significantly affected by the CO 2 pressure. When the CO 2 pressure increases to 8 MPa, the yield of AEI reach the maximum value, while the CO 2 pressure exceed 8 MPa, the yield of AEI decrease. The possible reason was that when CO 2 pressure was under 8 MPa, increase of CO 2 pressure is good for the generation of 2-imidazolidone, while continually increase the CO 2 pressure will dilute ethanolamine, and influence and affect the second step of the reaction (Equation 3). What's more, CO 2 can interact with the amidogen of 2-imidazolidone, that impede the reaction Table 1 . Concentration of oxygen containing functional groups on the surface of TAC. between 2-imidazolidone and ethanolamine [17] and cause decrease of the yield of AEI.
Effect of Temperature
Reaction temperature is also a critical factor for this reaction. Synthesis of AEI was studied in fixed CO 2 pressure 8 MPa and reaction time 10 h, reaction temperature ranges from 160˚C to 240˚C, and experimental results are shown in 
Effect of Reaction Time
Response Surface Experiment Design
On the basis of results and analysis of single factor experiments, a Box-Behnken design has been employed to figure out the degree of variables affect the yield of AEI. In this design, the effects of three independent factors, A (reaction temperature), B (CO 2 pressure), C (reaction time), was examined at three levels: −1 for the low level,0 for the median and +1 for the high level. Table 3 illustrates the factors and their corresponding levels used in the experiment design. The values of three levels were set according to the previous single factor experiments. The Box-Behnken design and values of synthesis of AEI are shown in Table 4 . It shows the Box-Behnken design for 3 factors number has 17 experiments. The experimental sequence was randomized in order to minimize the effects of the uncontrolled factors, five experiments are repeated in order to estimate the experimental error. Multiple regression analysis was used to analyze the data and thus a second-order polynomial equation was derived, as follows: 
Data Analysis and Evaluation of the Model by RSM [18]
Results of variance analysis for this regression model are shown in Table 5 . As shown in Table 5 , the model "F-value" of 52.47 implies the model is significant. Value of "Prob > F" less than 0.0500 indicate that model terms are significant. In this case, linear terms of A, B, C, quadratic terms of A 2 , B 2 , C 2 , and interactive terms of AB and BC are significant for the yield of AEI. Values greater than 0.1000 indicates that the model terms are not significant, interactive term AC is not significant for the yield of AEI. The R 2 (coefficient of determination) value was 0.9854, which means 98.54% variability of the total variation in the yield of AEI is attributed to the experimental variables studies, "Adj R-Squared" valued 0.9666 indicated good agreement between the experimental and the predicted values ,and the adequate precision (greater than 4 is desirable) is the signal to noise ratio valued 20.026.
Response Surface Analysis
The graphical representations of the regression model, called the response surface plots (3D) and their corresponding contour plots (2D) were obtained using Design-Expert software and presented in Figures 5-7 , where each response surface plot showed the effect of two independent factors while the third factor was hold at zero levels. Whether the mutual interaction between the independent factors is significant or not can be indicated by the shape of the corresponding contour plot, and the optimum point always lies in the area around the peak. Figure 5 show the effects of reaction temperature and CO 2 pressure on the yield of AEI while reaction time were kept at zero level, it was shown that the Where ※ means this factor had a significant effect on the yield of AEI. yield of AEI increases as reaction temperature and CO 2 pressure increase to optimum values, then the yield of AEI decreases when reaction temperature and CO 2 pressure keep increasing. And the 2D corresponding contour plot showed a clearly elongated running diagonally on plot which suggesting interaction between reaction temperature and CO 2 pressure has a significant effect on the yield of AEI. The effects of reaction temperature and reaction time on the yield of AEI at zero level of CO 2 pressure are shown in Figure 6 . The yield of AEI increases as the reaction temperature increases from 180˚C to 200˚C, but further increase of reaction temperature showed a declining tendency of the yield of AEI. The 2D contour plot suggesting that reaction time and reaction temperature were independent and there was insignificant interaction on the yield of AEI between reaction time and reaction temperature. Effects on the yield of AEI produced by the interaction between reaction time and CO 2 pressure are donated in Figure 7 . As reaction time increases, the yield of AEI increases when the CO 2 pressure is under 10 MPa, but when the CO 2 pressure increases to higher than 10 Mpa, the yield of AEI decreases. And the 2D corresponding contour plot reveals that the effect of CO 2 pressure and reaction time on the yield of AEI is very significant.
Optimal Conditions and Verification of the Model
As a result of the response surface model, the optimal condition for the yield of AEI was at 206.51˚C, 9.35 Mpa, 10.11 h. The predicted value of the yield of AEI under the optimal condition is 84.9%. A verification experiment was carried under 207˚C, 9.4 MPa, 10.1 h, and the yield of AEI was 83.1% which was very close to the response surface model predicated value, 84.9%, of the AEI yield. 
